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ABSTRACT 

A  SHIPBOARO  SURVEY  TO  DETERMINE  THE  QUANTITIES 
or  HUMAN  WASTES  PRODUCED  PER  CAPITA  AND  THE  PHYSICAL, 
BIOLOGICAL, SAC  TE  R I  0  LOG  I  CAL  AND  CHEMICAL  PROPERTIES 
WAS  CONDUCTED  TO  ESTABLISH  THE  DEGREE  Or  POLLUTION 
Of  HARBOR  WATERS  BY  NAVAL  VESSELS  AND  PRO V I OE  DES I GN 
CRITERIA  FOR  A  TREATMENT  SYSTEM.  ThE  DATA  SHOW  THAT 

between  10  and  20  GPD  or  sewage  are  produced  per 

CAPITA  ON  SHIPS  rOLLOWING  A  NORMAL  WORKDAY  ROUTINE. 

A  MAXIMUM  OP  TWICE  THIS  AMOUNT  CAN  BE  EXPECTEO  OF  THE 
OPERATION  IS  ON  AN  AROUND-THE-CLOCK  BASIS.  THE 
SEWAGE  PRODUCED  CONTAINS  AN  AVERAGE  OF  2^6  Mg/l  OF  SUS¬ 
PENDED  SOLIDS  AND  AN  AVERAGE  BIOCHEMICAL  OXYGEN  DE¬ 
MAND  (BOO)  or  102  ppm.  The  geometric  average  coliform 
DENSITY  INDEX  WAS  FOUND  TO  BE  4.8  x  105.  Da  TA  IS  ALSO 
PRESENTED  FOR  THE  CONCENTRATION  OF  SETTLEABLE  SOLIDS, 
TOTAL  SOLIDS  ANO  VOLATILE  SOLIDS  PRESENT.  ThE  pH  OF 
THE  SEWAGE  AND  THE  DISSOLVED  oxygen  PRESENT  AND  the 
CONCENTRATION  OF  NITROGEN  PRESENT  IN  VARIOUS  FORMS 
WERE  DETERMINED. 

The  SURVEY  ALSO  showed  that  the  water  in  the 

VICINITY  or  A  VESSEL  FROM  WHICH  SEWAGE  IS  BEING  DIS¬ 
CHARGED  IS  NOT  POLLUTED  TO  ANY  ADVERSE  DEGREE  IN 
TERMS  OF  THE  COMMONLY  USED  PARAMETERS.  VIRTUALLY 
NO  SUSPENDED  SOLIDS  WERE  FOJNO  IN  THE  RIVER  WATER  AND 
THE  COLIFORM  DENSITY  WAS  WITHIN  ThE  RANGE  PERMITTED 
AT  MOST  BATHING  BEACHES  IN  THE  UNITED  STATES. 
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SURVEY  TO  DETERMINE  QUANTITIES  AND 
PROPERTIES  OF  SEWAGE  FROM  NAVAL  VESSELS 

i.O  INTRODUCTION 

As  A  CONSEQUENCE  OF  INCREASING  PUBLIC  AWARENESS  OF  WATER  POLLUTION 
AND  AUGMENTED  RECREATIONAL  USE  OF  TIDAL  WATERS,  THE  NAVY  IS  HAVING  TO 
FACE  THE  PROBLEM  OF  DISCONTINUING  7  HE  PRACTICE  OF  DIRECT  DISCHARGE  OF 

sewage  by  naval  vessels  in  confined  waters.  Standard  procedure;?*  have  been 

ADOPTED -SAXLSEACTCLRX  DISPOSAL  OF  GARBAGE  AND  REFUSE j  ALSO  FEDERAL 
REGULATIONS  AND  INTERNATIONAL  AGREEMENTS  ARE  EFFECTIVE  INCONTROLLiNG  OtL 
pc>  i-  LU  T I  ON  BY  SHIPS.  THE  PROBLEM  OF  SEWAGE  DISPOSAL,  HOWEVER,  IS  A  VERY 

REAL  ONE  FOR  WHICH  NO  CONCISE  PRACTICAL  SOLUTION  HAS  YET  BEEN  PROVIDED. 

The  term  "sewage,”  when  used  in  connection  with  shipboard  DISPOSAL,  IS 

LIMITED  TO  THE  WASTE  WATERS  FROM  WATER  CLOSETS  AND  URINALS.  THE  PROBLEM 
IS  CAUSED  BY  THE  FOLLOWING  FACTORS: 

•  The  CREATION  OF  a  POTENTIAL  HEALTH  HAZARD  FOR  PEOPLE  USING  THE 
RECEIVING  WATERS  FOR  RECREATIONAL  PURPOSES. 

•  Bacterial  pollution  of  shell-f i sh  breedi ng  grounds* 

•  Deposition  of  solids  and  reduction  of  dissolved  oxygen  levels  so 

AS  TO  PRECLUDE  OR  IMPAIR  AQUATIC  L  LFE .  . 

•  THE  AESTHETIC  ASPECTS  OF  UNSIGHTLY  FLOATING  SOLIDS  AND  ANY 
ASSOCIATED  ODOR  CREATE  A  NUISANCE  TO  PEOPLE  USING  THE  WATERS  AND  ADJACENT 
SHORES. 

2.0  BACKGROUND 

A  CONSIDERABLE  AMOUNT  OF  WORK  HAS  BEEN  DONE  BY  NASA  AND  OTHER 
AGENCIES  TO  DETERMINE  thE  QUANTITIES  OF  HUMAN  WASTE  PRODUCED  PER  PERSON 
AND  THE  CHEMICAL,  BIOLOGICAL  AND  PHYSICAL  PROPERTIES  OF  THIS  WASTE. 

Shipboard  sewage  differs  from  domestic  sewage  because  the  flush  water 

(,USED  IN  SEA  WATER,  BRACKISH  WATER,  AND  IN  LA^RGCJ?  QUANTITIES  PER  FLUSH. 

This  Laboratory  was  requested  to  provide  the  following  information  as 

RELATED  TO  SHIPBOARD  SEWAGE: 

•  HYDRAUL  I  C  DATA 

•  PhYS : CAL  DATA 

•  Biologic* i.  data 

•  BaCTE  R  I  OLOG  1  CAL  DAT  A  -v 


•  ChEM I  CAL  DATA 


MEL  Report  346/64 


FOUR  ’a  fT*  1^CRA‘FT~rA'RPTER,  a  destroyer,  a  cruiser  and  a  submarine 

TENDER  WERE  SELECTED  TO  PARTICIPATE  IN  THE  HYDRAULIC  SURVEY ,  A  SUB¬ 
MARINE  TENDER  WAS  SELECTED  FOR  OBTAINING  THE  REMAINDER  OF  THE  DATA. 

3.0  SHIPBOARD  DATA 

3.1  Hydraulic.,  Representative  areas  on  each  of  the  four  ships  were  se¬ 
lected  FOR  THE  METERING  OF  FLUSH  WATER.  |N  EACH  CASE  AN  INTEGRATING  PLOW 
METER  WAS  !  .  a  i_  LED  I  N  THE  SEA  WATER  FLUSH  L I NE  SUPPLY  I NG  FLUSH  WATER  FOR 

TWO  WAT  t  CLOSLTS.  RECORDING  EQUIPMENT  WAS  SUPPLIED  TO  OBTAIN  DATA  ON 

’DIAL  QUANTITY  OF  FLUSH  WATER  USED  AND  ON  THE  FREQUENCY  OF  FLUSHING. 

I  aBLE  1  SUMMARIZES  THE  INFORMATION  OBTAINED  FROM  EACH  SHIP. 


Table  1 


Sh  1  p 

No. of  Water 
Closets 

Me  t  i  rf  d 

No. or  Men 
Usi ng  Water 
Closets 

USS  LSSLX  (CVS  9) 

2 

4o 

USS  MULL INN IX  (PD  944  } 

2 

20-30 

USS  NORTHAMPTON  (CC-1 ) 

2 

20-30 

USS  FULTON  ( AS -11) 

4  (D 

i 

(1)  Three  water  closets  and  one  urinal 

(2)  Data  to  be  obtained 


Tim  INFORMATION  E  ROM  EACH  SHli  Wrt.S  OBTAINED  OVER  A  30-DAY  PERIOD.  |T  WAS 
■['■MINED  THAT  ABOUT  4  .  l;  GALLONS  OF  WATER  ARE  USED  EACH  TIME  THE  WATER 
LOSE  T  IS  FLUSHED.  PEAK  FLOW  FERIODS  WERE  EXPERIENCED  BETWEEN  0^00  AND 
0900  HOURS  AND  BETWEEN  2  1 00  AND  23OO  HOURS.  DURING  THESE  PERIODS  THE  FLOW 
RATE  WAS  BETWEEN  200  AND  3^0  PERCENT  OF  THE  DA  I  L Y  A V E RA GE  .  SOME  DAY-TO-DAY 
VARIATION  WAS  NOTED  IN  WATER  USAGE  DEPENDING  ON  THE  OPERATING  ROUTINE  OF 

the  ship.  Another  factor  which  influenced  the  water  usage  was  the  number 
of  PERSONNEL  having  liberty.  If  this  number  was  great  an  ADDITIONAL  PEAK 
LOADING  PERIOD  WAS  EXPERIENCED  BETWEEN  2400  AND  0100  HOURS. 


3-2  Physical,  Biological,  Bacteriological  and  Chemical.  Samples  of  human 
wastes  were:  COLLECTED  ABOARD  THE  USS  FULTON  ( AS -11)  FOR  PHYSICAL,  biological, 
BACTERIOLOGICAL  AND  CHEMICAL  ANALYSIS.  A  CLOSED  SAMPLED  COLLECTION  TANK 
EQUIPPED  WITH  A  LOW  SPEED  STIRRER  WAS  INSTALLED  IN  THF  STOREROOM  BENEATH 
THE  FORWARD  CREW'S  HEAD.  THE  SHIPS1  PIPING  WAS  MODIFIED  SO  THAT  THREE 
WATER  CLOSETS  AND  ONE  URINAL  DRAINED  INTO  THIS  SAMPLING  TANK.  1  HE  CONTENTS 
OF  the  TANK  WERE.  AGITATED  TO  ASSURE  THOROUGH  MIXING.  The  WASTE  WAS  COLLECTED 
FOR  ONE.  HOUR  AND  WAS  THEN  SAMPLED  THROUGH  A  QUICK  OPENING  VALVE.  AFTER 
SAMPLING,  THE  CONTENTS  OF  the  TANK  WAS  DRAINED  OVERBOARD  PRIOR  TO  COLLECTING 
THE  NEXT  HOURS  WASTE .  TWEN’Y-F I VI  SEWAGE  SAMPLES  WERE  TAKEN  OVER  A  THREE-DAY 


*ABBRF.  Vi  ATI  ONS  USED  IN  THIS  TEXT  ARE  FROM  THE  GPO  STYLE  MANUAL,  1959* 
UNI. ESS  OTHERWISE  NOTED. 

2 
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period.  The  results  or  these  analyses  are  shown  in  Table  2.  In  addition, 
six  samples  or  the  Thames  River  water  used  for  tlushing  were  analyzed  to 

ESTABLISH  A  BASE  L  ,  NT  cop  THE.  SEWAGE  G-A  T  A  .  ThESE  RESULTS  ARE  SUMMARIZED 

in  Table  3- 

4.0  DISCUSSION 

4.1  Hydraul.  i  c  Data  .  Data  obtained  erom  thl  three  ships  surveyed  show  that 

BETWEEN  10  AND  20  GALLONS  PER  DAY  OP  SFWAGF  CAN  BE  EXPECTED  TER  MAN.  uITTLE 
VARIATION  NOTED  FROM  SHIP  TO  SHIP.  DURING  PEAK  PERIODS  FLOW  J?ATES  AS 

H 1 GH  ^  3OU  PERCENT  OF  THE  DAILY  AVERAGE  CAN  BE  EXPECTED.  THE  U.  S.  ARMY 
-■IlyUCTED  A  SIMILAR  SURVEY  TO  DETERMINE  THE  QUANTITIES  OF  SEWAGE  PRODUCED 
h;  a  Nike  missile  site  in  Shelton,  Connlcticut.  It  showed  that  an  average 
OF  18.3  GPD  COULD  BE  EXPECTED  FOR  EACH  NON  RES  I  D£ NT  MAN  AND  5^*7  GPD  FOR 
EACH  RESIDENT.  PEAK  LOADING  OF  APPROXIMATELY  200  PERCENT  OF  THE  DAILY 
AVERAGE  WAS  EXPERIENCED.  SOMEWHAT  HIGHER  FLOWS  WERE  FOUND  TO  OCCUR  AT  A 
MISSILE  SITE  in  BEDFORD,  MASSACHUSSETTS .  EACH  NONRESIDENT  USED  APPROXI¬ 
MATELY  26.2  GPD  AND  EACH  RESIDENT  APPROXIMATELY  74.2  GPD .  PEAK  LOADING  OF 
ABOUT  250  PERCENT  OF  THE  DAILY  AVERAGE  WAS  EXPERIENCED,  ThE  FLOW  DATA 
FROM  BOTH  SITES  FOLLOWED  A  TRIMODAL  CURVE  WITH  PEAK  FLOWS  IMMEDIATELY  AFTER 
MEAL  TIMES  OR  EATING  PERIODS. SUCH  PEAKS  WERE  FOUND  TO  EXIST  ABOARD  NAVAL 

vessels.  Considerable  quantities  of  data  were  obta.nld  while  the  vessels 
were  in  port.  Customarily  in  this  circumstance  a  large  portion  of  the 
CREW  GOES  ASHORE  PRIOR  TO  THE  EVENING  MEAL.  T.l  I S  ACCOUNTS  FOR  LOWER  FLOWS 
THAN  WOULD  BE  EXPECTED  WITH  A  FULL  COMPLEMENT  ABOARD  DURING  THE  EVENING 

hours.  Because  any  treatment  unit  used  aboard  a  naval  vessel  must  be 

DESIGNED  TO  OPERATE  WITH  A  FULL  COMPLEMENI  24  HOURS  PER  DAY,  IT  IS 
•eCESSARY  10  ADJUST  THE  PER  CAPITA  FLOWS  OBTAINED  IN  THIS  SURVEY.  As  AN 
FROX I  MAT  I  ON,  IT  IS  ASSUMFn  T -a T  THE  PER  CAPITA  FLOWS  FOR  24-HOUR 
-ERA!  ION  CAN  BC  AG  MUCH  AG  TWIlL  I  IIOSL  SHOWN  IN  TABLE  1. 

•  2  Physical,  Biological.,  Bacteriolog:  cal  and  Chemical  Data. 

p.2.1  Suspended  Solids,  Biochemical  Oxygen  Demand  (BOD)  and  Coliform 
Density.  Average  values  of  suspended  solids,  BOD  and  coliform  density 
a  pl  calculated.  Analysis  of  Table  3  shows  conclusively  that  the  harbor 
water  adjacent  to  FULTON  is  not  polluted  in  terms  or  tilsl  commonly  used 
parameters.  There  are  virtually  no  susflnoed  solids  in  the  flushing 
water  AND  a  NEGLIGIBLE  BOD,  COuiFORM  COUNT  IS  V  I  T-<  .  N  T  H  A  T  PLRMITTED  AT 
MOST  BATHING  BEACHES  IN  THE  UNITED  STATES. 

The  variation  or  the  Coliform  Density  Imdfx  is  t  -if  sewage  samples  ranges 
‘POM  4.3  X  W?  TO  2.4  X  10^  WITH  LITTLE  op  NO  CORRELATION  BETWEEN  TIME 
Ot  DAY  AND  MINIMUM  OR  MAXIMUM  VALUES,  TuC  GE  PKC "  -  :  c  AvEFiAgL,  API  IHMETIC 
AVERAGE  AND  MEDIAN  COLIFORM  DENSITIES  WERE  4.8  <  105,  3.1  X  106  AND 
1.0  x  10",  respectively.  There  is  a  general  correlation  between  values 

FCR  SUSPENDED  SOLIDS,  COLIFORM  AND  BOD j  ALE  THREE  FOLLOW  THE  SAME  GENERAL 
LA  T  TERN  CF  HIGH  AND  LOW  VALUES.  MUCH  LOWER  VALUES  >~OR  BOD  AND  SUSPENDED 
-.01  IDS  WERE  OBTAINED  T  HAN  AMI  ICM’AILD.  f',L  »vrsa  CE  UOD  TOR  THE  PERIOD 
OT  SAMPLING  WAS  FOUND  TO  BE  102  PPM.  Tl’F  AVERAGE  LOAD  Or  SUSPENDED 
Gi.  IDS  ICR  'ML  PERIOD  WAS  230  mg/l  .  1'uE  St  D.'-.TA  INDICATE  THAT  THE  WASTES 
'DIED  BL  CLASSED  AS  A  WEAK  DOMESTIC  SEWAGE. 
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4.2.2  Settleable  Solids  and  pH.  The  solids  appeared  to  settle  rapidly 

IN  THE  IMHOFF  CONE  TESTS.  THE  AVERAGE  VALUE  FOR  THE  THREE  DAY  SAMPLING 

PERIOD  WAS  5*4  ml/l.  This  value  was  also  lower  than  would  be  expected 
FROM  DOMESTIC  SEWAGE.  THE  pH  OF  THE  HARBOR  WATER  WAS  FOUND  TO  BE  CLOSE 
TO  THE  OPTIMUM  FOR  80TH  BACTERIAL  GROWTH  AND  FOR  CHLORINATION  REACTIONS. 

TWO  LOW  VALUES  WERE  OBTAINED  ON  19  OCTOBER.  LOW  COLIFORM  COUNTS  WERE 
NOTED  SI MULTANEOUSLY,  INDICATING  THAT  CHLORINE  OR  OTHER  CLEANING  COMPOUND 
THAT  WOULD  LOWER  THE  pH  MAY  HAVE  BEEN  USED  DURING  THE  PERIOD. 

4.2.3  Nitrogen  Compounds.  The  nitrogen  values  reported  are  a  good  in¬ 
dication  THAT  A  WASTE  HAS  BEEN  INTRODUCED  INTO  THE  FLUSHING  WATER.  ThE 
ORGANIC  NITROGEN  PRESENT  WOULD  BE  EXPECTED  TO  CONTRIBUTE  TO  THE  BOD  OF  THE 

wastes.  This  oxygen  demand,  however,  is  probably  not  completely  exerted 

DURING  THE  STANDARD  FIVE-DAY  80D  TEST,  AS  THERE  DOES  NOT  APPEAR  TO  BE  ANY 
CORRELATION  BETWEEN  THE  BOD  AND  TOTAL  NITROGEN  VALUES  REPORTED.  H I GH  VALUES 
FOR  NITROGEN  AS  AMMONIA  INDICATE  THAT  COMBINATION  BETWEEN  CHLORINE  AND 
AMMONIA  GROUPS  MAY  BE  EXPECTED,  THUS  REDUCING  THE  AMOUNT  OF  FREE  CHLORINE 
AVAILABLE  FOR  TREATMENT  OF  THE  SEWAGE  IF  A  CHLORINATION  TREATMENT  IS  CON¬ 
SIDERED. 

‘”.2.4  Volatile  Solids  and  Total  Solids.  Mineral  solids  due  to  sea  salts 

CONSTITUTE  THE  BULK  OF  THE  TOTAL  SOLIDS  IN  THE  SEWAGE.  An  AVERAGE  OF  5^5 
PPM  OF  VOLATILE  SOLIDS  WERE  FOUND.  THIS  VALUE  REPRESENTS  THE  VOLATILE 
SOLIDS  IN  THE  FLUSH  WATER  PLUS  THE  VOLATILE  SOLIDS  INTRODUCED  BY  THE 
SEWAGE . 


.2  .lj  Dissolved  Oxygen.  The  saturation  oxygen  concentration  for  water  containing 
PpROXIMATELY  33^®^  PPM  SEA  SALTS  AT  l6  C  TO  19  C  IS  BETWEEN  J.J  AND  8.2 
PM.  THE  AVERAGE  DISSOLVED  OXYGEN  CONCENTRATION  OF  THE  FLUSH  WATER  USED 
AS  FOUND  TO  BE  6.6 1  PPM.  THE  AVERAGE  DISSOLVED  OXYGEN  CONCENTRATION 
1  OUND  IN  THE  SEWAGE  SAMPLES  WAS  5*3^  PPM.  THIS  DEPLETION  OF  1.23  PPM 
<S  NOT  SERIOUS  SINCE  THE  RESULTING  CONCENTRATION  IS  STILL  HIGH  ENOUGH 
'0  SUPPORT  ALL  FORMS  OF  SALT  WATER  MARINE  LIFE. 

.0  SUMMARY 

A  SUMMARY  OF  THE  CHARACTERISTICS  OF  SHIPBOARD  SEWAGE  IS  PRESENTED 

in  Table  4  below.  Although  only  one  ship  was  surveyed  to  obtain  the 

PHYSICAL,  BIOLOGICAL,  BACTERIOLOGICAL  AND  CHEMICAL  PROPERTIES,  IT  IS 
FELT  THAT  THESE  VALUES  ARE  REPRESENTATIVE  OF  SEWAGE  FOUND  ABOARD  ANY 
NAVAL  VESSEL  SINCE  THE  CONCENTRATIONS  ARE  LARGELY  DEPENDENT  ON  THE  QUANTI¬ 
TY  OF  FLUSH  WATER  USED.  GOOD  AGREEMENT  WAS  NOTED  IN  THE  FLUSH  WATER 
USAGE  DATA  OBTAINED  FROM  THE  THREE  SHIPS  SURVEYED.  ADDITIONAL  FLUSH 
WATER  USAGE  DATA  FROM  THE  USS  FULTON  WILL  BE  REPORTED  WHEN  IT  BECOMES 
AVAILABLE.  THE  SEWAGE  PROPERTIES  PRESENTED  IN  TABLE  4  CAN  BE 
USED  AS  INPUT  PARAMETERS  FOR  THE  DESIGN  OF  A  TREATMENT  SYSTEM  FOR  NAVAL 
VFSSELS  WITH  THE  EXCEPTION  OF  THE  PER  CAPITA  WATER  USAGE  DATA.  THESE 
VALUES  SHOULD  BE  D0U8LED  AS  INDICATED  ABOVE  IN  ORDER  TO  ALLOW  FOR  POSSIBLE 
ROUND-THE-CLOCK  OPERATION  OF  THE  SYSTEM. 
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Table  4 

Summary  of  the  Properties  of  Sewage 
From  A  Naval  Vessel 


Per  Capita  Flow,,  GPD  max. 

Prr  L  - •  f  A  Flow,  GPD  MIN. 

P'S  Capita  Flow,  GPD  av. 

Suspended  Solids,  mg/l  av. 

Biochemical  Oxygen  Demand,  ppm  av. 
Coliform  Density  Index,  MPN  per  100  ml. 
Geometric,  av. 

Settleable  Solids,  ml/l  av. 
pH,  av. 

Nitrogen  as  Ammonia,  ppm  av. 

Nitrogen  as  Nitrate,  pdm  av. 

Nitrogen  as  Nitrite,  ppm  av. 

N:trogen,  Organic,  fpm  av. 

N i i fog I n,  Total,  ppm  av. 
re  l>  L  Soi  I  DS  ,  PPM  A  V  . 

VoiAfiLE  and  Organic  Solids,  ppm  av. 

D , : solved  Oxygen,  ppm  av. 


17.0* 

11.3* 

13.1* 

236 

102 

4.8  x  io5 


5-4 

7.38 
15.2 
12.5 
0.01 

112. 1 
I27.3 
33,000 
3,825 

5.38 


*  T  •  •  E  5  E  VALUES  SHOULD  BC  DOUBLED  TO  ALLOW  FOR  AROUND-THE-CLOCK 
OPERAT  I  ON . 

AUlNOWLLDGLMUnT 

;-ur  ass.  s  t  a  n  c  *_  of  COMC  RDDESLA  NT ,  COMNAVA I RLANT  and  COMSUBLANJ  in 

APING  T  j .  r  ARRANGEMENT*  FOR  1 H I S  SURVEY  IS  APPRECIATED.  The  ASSISTANCE  OF 

■  Of  |(FRS  AND  CREWS  or  the  USS  FULTON,  USS  MULLINNIX,  USS  NORTHAMPTON 
•|  :  S  L55LX  IN  INSTALLING  the  equipment  and  recording  the  data  IS  ALSO 


A  r ■ ■  r- 1  C  I  A  T  E  D  . 


